Soil iron toxicity is a serious environmental problem of rice crop, grown in acid soils of Eastern India. We investigated the impact of higher iron in the soil on growth, yield and grain quality of three popularly grown rice varieties-Mahsuri, Ranjit and Siyal Sali. Plants of these varieties were grown at control soil, +100 ppm, +200 ppm and +300 ppm levels of Fe . A significant impact of higher Fe 2+ in the growth medium on grain quality of rice is being observed in present investigation. The results show a negative impact of iron toxicity on the nutritional quality of the grains and a genotype tolerant to iron toxicity being also able to maintain good grain quality.
INTRODUCTION
Iron is an essential micronutrient, for the growth and nutrition of rice plants for its Fe (II)/Fe (III) redox system 1 . High concentration of Fe
2+
in the soil may lead to nutrient imbalance by limiting the absorption of other nutrients 2, 3 . Iron is present in soluble ferrous form in waterlogged soil, via reduction of insoluble Fe 3+ iron 4, 5 .
Excess ferrous iron in plant cause true Fe toxicity by liberating reactive oxygen species (ROS) through HabberWeishes reactions as well as pseudo iron toxicity by impeding the uptake of other nutrients resulting in nutrient deficiency 6 --10 . Depending on the soil condition and cultivar type, the critical concentration causing Fe toxicity can range from, 20 to 2,500 µg Fe per gm leaf dry weights 11 .
MATERIALS AND METHODS
A pot experiment was conducted during monsoon rice season in the year [2014] [2015] added were + 0 ppm (as control), +100 ppm, +200 ppm. and +300 ppm. Treatments were started in the pot one week after transplanting and continued at an interval of seven days up to flowering stage. Treatments were replicated four times in a randomized block design (RBD). Thirty days old seedlings of uniform vigor were transplanted at the rate of three seedlings per pot. A uniform waterlogged environment was maintained, with distilled water in the pots, throughout the experimental period. All the reagents used in the analysis are of analytical grade (Merck GR).
Yield and yield attributing parameters were recorded by standard method 16 .
Grain Crude Proteins
The total nitrogen in grain was determined by Micro-Kjeldahl's method 17 with 0.5 g powdered grain. Percentage nitrogen was converted to crude protein by multiplying with a factor 5.95 18 .
Total Soluble Protein
Moisture free powdered grain sample (0.5 g) was used to determine total soluble protein spectrophotometrically (Systronics UV-VIS Spectrophotometer 118) at 660 nm 19 . Proteins were fractionated using Osborne's method with some modifications.
Total Soluble Sugar
0.2 g moisture free powdered grain sample was extracted with 80% ethanol, 1ml of extract was treated with anthrone reagent and intensity was measured spectrophotometrically (Systronics UV-VIS Spectrophotometer 118) at 630 nm 20 . The reducible sugar was determined by using the method as described by Miller 21 at 510 nm.
Starch Contents
The sugar free residue was extracted by 52% Perchloric acid. 0.1 ml of the extract was treated with anthrone reagent and starch content was estimated spectrophotometrically at 630 nm 22 . The grain amylose content was determined as described by Sawbhagya and Bhattacharya 23 , 0.1 g moisture free powdered grain sample was distilled with ethanol and kept for overnight adding 1N NaOH. The mixture was boiled; 5 ml of the extract was mixed with acetic acid and 0.2% iodine solution. Intensity of the colour developed was measured in spectrophotometer (Systronics UV-VIS Spectrophotometer 118) at 590 nm.
Grain Free Amino Acid
0.1 g of dried material was homogenized and refluxed with 80% ethanol for 15 minutes on a steam bath and centrifuged at 20,000 g for 20 minutes. 0.2 ml of extract was mixed with ninhydrin reagent and absorbance was read in spectrophotometer (Systronics UV-VIS Spectrophotometer 118) at 570 nm 24 .
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Crude Fiber Content
Crude fiber in the grain was determined by using the method described by Thimmaiah 25 .
Shoot Fe at harvest and grain Fe, Cu, Zn and Mn were determined by using Atomic Absorption Spectrophotometer (Chemito, AA 203D) 17 . The K concentration was determined flame photo-metrically 26 while grain P was estimated from mineral solution converting phosphate to phosphomolybdic acid and finally reducing by hydroquinone.
The blue colour developed was measured in a spectrophotometer (Systronics UV-VIS Spectrophotometer 118) at 660 nm 26 .
Statistical analysis:
The experimental design was Randomized Block Design with three varieties, four treatments and four replications. Statistical analyses of experimental data were carried out by using ANOVA (SPSS software).
Analysis of variance was carried out to test the significance of treatment effect. F-test, coefficient of variance and critical difference were calculated by standard method 27 . In the present investigation a significant reduction (F value at 0.1% level of probability) of shoot Fe concentration predicted in Mahsuri might be due to induction of exclusion and/or avoidance mechanism in the roots and also due to formation of ferrihydrite layer on the root surface, most of this Fe seems to not be translocated to shoots 11, 28, 29 .
RESULTS AND DISCUSSIONS

Shoot Fe Concentration
Yield and Yield Attributing Parameters
Considerable variations in days to flowering and days to maturity have been observed in the varieties Ranjit and Siyal Sali (Table 1) Siyal Sali 300 ppm iron was more effective in reducing TSS and TRS ( Figure 4A, B) . We did not observe any variations in TSS, TRS in the variety Mahsuri at different Fe 2+ level.
Figure 4: Effect of Different Levels of Fe 2+ on Soluble Sugar (A), Reducible Sugar (B) and Non Reducible Sugar (C) in Grains. The Vertical Bars Represent the Standard Errors
In this experiment a considerable variations in the grain quality in terms of starch and amylose were observed among the cultivars ( Figure 5A , B). These components were found to be stable at Mahsuri indicating its better response to and 300 ppm ( Figure 7C) . A gradual decrease in Zn concentration in the grains of Ranjit and Siyal Sali was clearly observed in our study. Although we did not observe any change in grains Mn concentration in Mahsuri, however, a decreasing trend of Mn concentration was seen at Ranjit and Siyal Sali when subjected to higher Fe 2+ levels ( Figure 7D ). Iron is an essential mineral for plants, required for biological red-ox systems 33 and vital component of many Plant Minerals may be remobilized from vegetative sources, but a major portion of minerals in seeds are likely to be supplied through continuous uptake and translocation during reproductive growth 11 . In Ranjit and Siyal Sali, shoot iron was not properly remobilized to seeds as is evident in case of Zn translocation to grain 41 . Moreover nutrients accumulate in the grain originate from uptake by roots after flowering to grain filling stages 11, 29 . Thus lower rate of plant growth in terms of lesser tiller numbers and delayed flowering or inefficient expression of endosperm specific transporters might be another reason for lower grain iron concentrations in these two varieties. Since most minerals in grains would be obtained from soil after flowering, the plants from the susceptible genotypes which were already stressed and suffering from iron toxicity, performed worse in several aspects. Hence it would be reasonable to consider that their ability to take up minerals from the soil was also impaired by higher iron concentrations in the medium. We can proposed that in Ranjit and Siyal Sali less minerals could be absorbed by the plants, and therefore less minerals would be available to go to grain.
CONCLUSIONS
The varieties Ranjit and Siyal Sali execute poor micronutrient level and lower concentration of some biochemical components in grains possibly due to radical growth reduction and probable injury of ROS on plant cells at higher iron concentrations. Mahsuri, either due to limited Fe 2+ uptake or exclusion of Fe 2+ at root surface and its retention within the tissues with the expression of new proteins, maintained a stable micronutrient level in the grains upto 300 ppm Fe 2+ and recorded better yield and grain quality components. The results indicate Mahsuri to be a suitable rice cultivar from growth and yield to quality characters for growing under iron toxic soil environment of eastern India. In conclusion, the findings confirm a negative impact of iron toxicity on the grains nutritional quality of iron sensitive rice genotypes, in contrast a genotype tolerant to iron toxicity being also able to maintain good grain nutritional quality.
